Benthic Foraminifera were assessed in Rose Bengal-stained sediment samples collected annually from 1995 to 2011 at four shallow bank reefs in Northern Bahia (Brazil). The assemblage was represented by 284 species and 88 genera, the most diverse genera being Quinqueloculina (46 spp.), Triloculina (24 spp.), Articulina (13 spp.), Textularia (11 spp.), and Elphidium (10 spp.). Significant differences in densities of live foraminifers in the sediments were observed among years, though not between reefs. Mean densities and diversities declined by ∼90% during the 1997-8 El Niño event compared with the two previous years, then rebounded during the strong La Niña years of 1999-2000, with rapid recovery of populations of small, heterotrophic foraminifers in the assemblage. After 2000, mean densities and diversities fluctuated, with lows following both the 2006-7 and 2009-10 weak El Niño events, but not so pronounced as during the 1997-8 event. Multivariate analysis clearly formed four separate groupings representing strong (hot, dry) and weak El Niño (dry) years, "normal" years, and strong La Niña (high rainfall) years. The FoRAM Index (FI), which is a single-metric index for water quality associated with reef accretion, provided additional insights into assemblage responses. The FI compares relative abundances of three functional groups of benthic foraminifers: characteristic reef-dwelling larger foraminifers that host algal endosymbionts, the ubiquitous heterotrophic smaller taxa, and specifically stress-tolerant heterotrophic taxa. The striking decline in overall densities during El Niño years likely reflects reduced food supply for the heterotrophic taxa, associated with higher temperatures and reduced runoff. Decline in the taxa that host algal symbionts is consistent with reports of extensive coral bleaching, likely related to photo-oxidative stress caused by higher temperatures and increased water transparency. The significant changes in assemblage structure and composition recorded during this 17-year study demonstrate the major influence of climatic variability associated with the El Niño/La Niña-Southern Oscillation.
Introduction
The Foraminifera are unicellular, eukaryotic protists that possess external tests typically made of calcite or agglutinatedsediment particles. These organisms are among the most common taxa found in sediments in all major reef systems around the globe (e.g. Langer et al., 1997; Langer, 2008; and references therein) . Their distributions are influenced by a range of environmental factors, such as temperature, pH, water motion, salinity, dissolved oxygen, turbidity, light intensity, food supply, substratum and sediment texture, biotic interactions and taphonomic processes (e.g. Schafer, 2000; Martinez-Colón et al., 2009; and references therein) . Many species have specific ecological niches (Ward et al., 2003) and quickly respond to temporal and spatial biotic and abiotic environmental changes (Schafer, 2000; Martinez-Colón et al., 2009; many others) .
Existing knowledge of foraminiferal assemblages that occur in the coastal environments of northern Bahia (Brazil) is quite limited. Previous studies in the area (Andrade, 1997; Moraes, 2001 Moraes, , 2006 Machado et al., 2006) focused primarily on taxonomy, sedimentary geology, and taphonomy, with limited attention to biological and ecological aspects of the group. The most comprehensive study to date (Kelmo, 2002) was the first to record quantitatively the temporal and spatial patterns of biodiversity and assemblage composition of benthic foraminifers from surficial sediment of the coral reefs of northern Bahia.
The coastal belt of the State of Bahia has a tropical humid climate. Annual average rainfall ranges between 1300 mm in the north of the study area to 1900 mm around Salvador City to the south, with no marked seasonal rainfall pattern. Average daily air temperatures range from 23 • C (winter) to 28 • C (summer), with mean daily sea-surface temperatures ranging from 25 • C (winter) to 28 • C (summer); the maximum SST occurs between December and February each year. Annual average salinity varies little (35) (36) , although within reef-top shallow pools, salinity can range from 35 to 39. The pH of seawater varies only between 8.1 and 8.2, with no clear seasonal patterns (see Kelmo et al., 2003) . The coast is influenced by winds arising from the NE and E during the spring-summer, and winds coming from the SE and E during the autumn-winter season. Moreover, during the autumn-winter period, the winds arising from the SSE, associated with the periodic advance of the Atlantic Polar Front, reinforce the trade winds from the SE (Bittencourt et al., 2000) .
This pattern of wind circulation is disrupted by the quasicyclic environmental phenomenon known as the El Niño/La Niña Southern Oscillation (hereafter ENSO) and includes changes in the Atlantic Polar Front (Bittencourt et al., 2000) , with several climatic perturbations recorded, such as severe drought (Rodrigues et al., 2011) and elevated seawater temperatures (Kumar et al., 2001) . The 1997-8 El Niño event was one of the most intense on record and, in northern Bahia, started in mid-March 1997 and lasted until November 1998. The entire period was characterized by warmer air and sea temperatures, reduced cloud cover and rainfall, higher incoming solar radiation, and reduced turbidity (Kelmo et al., 2003) . The large scale effects of this anomaly on many metazoans from the reefs of interest are well documented (Kelmo et al., , 2006 Attrill et al., 2004) and included severe coral bleaching and mortality, as well intense bioerosion and reef degradation (Attrill and Kelmo, 2007) .
Considering that severe disturbances associated with the 1997-8 El Niño were observed on coral reefs worldwide (Glynn et al., 2001) , and that foraminiferal assemblages are well known to respond to environmental changes and therefore are used as indicators of reef vitality , this paper presents the first long-term quantitative survey of reef-associated benthic foraminiferal assemblages spanning not only the 1997-8 event, but also the entire first decade of the 21st century. We discuss the influence of natural environmental disturbances imposed by ENSO-related variability on the structure and composition of the foraminiferal assemblages of shallow, bank-reef habitat in northern Bahia, Brazil, over a 17-year time series, demonstrating the role of ENSO as a dominant ecological mechanism in this region.
Methods

Study area
The bank reefs of northern Bahia are complex, elongated structures varying from 500 to 1800 m in length, and from 400 to 500 m in width, in water depths between 10 and 40 m. The reefs are made up of discrete coral heads associated with coralline algae that have developed either on rock outcrops of various ages or on lines of Holocene beachrock (Nolasco and Leão, 1986) . Their seaward margins are characterized by well-developed spur-and-groove systems. The reefs occur on the narrowest part of the Eastern Brazilian Continental Shelf (average width 15 km between two major rivers, São Francisco and Doce Rivers) and extend 20 km between the beaches of Abai (12 • 40 04 S/38 • 04 47 W) and Praia do Forte [12 • 34 42 S/37 • 58 59 W (see Fig. 1 in Kelmo and Attrill, 2001) . The Pojuca River discharges in the vicinity of the study sites; the river's mean annual flow of 32 m 3 s −1 was reduced to 20 m 3 s −1 during the 1997-8 El Niño event. More detailed descriptions of the geological history and morphology of the reefs, as well as the climate of the region, can be found in Leão et al. (1997) and references therein.
Sampling
Environmental parameters for the survey area (sea-surface temperature, solar irradiance, air temperature, rainfall, and cloud cover) were obtained from the Brazilian Meteorological Institute (INMET). These data were collected three times a day and the values presented in this paper represent annual averages. INMET data are classified internationally in ISO9001.
Local physicochemical data (seawater temperature, salinity, pH, and turbidity) were recorded across all four reef sites (10 replicates/reef providing 40 measurements during each sampling period). Such measurements were taken every month for the first 24 months to determine any seasonal patterns, which were only evident for temperature (Kelmo, 1998) . Thereafter, replicated measurement of these variables was made only during the sampling month (due to logistical constraints after 1996), which was considered adequate to allow comparison between years. Temperature, salinity, and pH were recorded using a YSI63 (Yellow Spring Industries) electronic field meter (1995) (1996) (1997) (1998) (1999) (2000) , while turbidity was assessed using a Secchi disk, all deployed from a boat. Since 2001, we recorded turbidity and other local data using a Multiparameter Water Quality Meter (U5210); however, considering the similarity of the results, for reasons of uniformity we present the same types of measurements for the entire time series.
During April-May each year from 1995 to 2011, samples of surficial sediment were collected from the shallow bank of four different reefs of Northern Bahia (Praia do Forte, Itacimirim, Guarajuba and Abaí). Sampling was always performed in subtidal habitats during the low tide period, when tidal currents were weakest, by snorkelling or SCUBA diving. Ten 50 g surficial sediment samples were taken from each location, using a 50 cm 3 diameter plastic core. The sediment sample was immediately transferred to a plastic receptacle and treated with a solution of ethanol and Rose Bengal (1 g Rose Bengal/1 L ethanol) according to Walton's (1952) protocol, to stain foraminifers that were live at the time of collection. This staining procedure has its limitations (Corliss and Emerson, 1990; Koukousioura et al., 2011) , however, it is still the most common and practical method to quantify living foraminiferal assemblages (Murray and Bowser, 2000) .
Samples were taken into the laboratory where they were oven dried for 48 h at a maximum temperature of 35 • C. The foraminifers were separated from the sediment by floatation. The dried sediment was poured gently into a beaker containing carbon tetrachloride, allowing the tests to float and the remaining grains to sink. The floating foraminifers were retained on filter paper and then transferred to individual pre-identified containers. The remaining sediment was examined under a stereoscope to guarantee that all foraminifers within the sample were assessed.
All tests stained brightly red, which were considered to have been alive when collected (Koukousioura et al., 2011 ; and references therein), were counted and identified using a stereomicroscope at high magnification. Authoritative keys and texts utilized included: Tinoco (1955 Tinoco ( , 1958 , Narchi (1956) , Barker (1960) , Closs and Barberena (1960) , Bock et al. (1971) , Almasi (1978) , Boltovskoy et al. (1980) , Machado (1981) , Leipnitz (1991) , Leipnitz et al. (1992) , Levy et al. (1995) , Andrade (1997) and Rossi (1999) . Selected specimens of small, difficult to identify species, were coated with Au/Pd 200Å pellicle and photomicrographs were obtained using a scanning electron microscope (Zeiss DSM 940A).
Data analysis
A triangular matrix of similarities between samples was computed using the similarity coefficient of Bray and Curtis (1957) ; the foraminiferal density data were first transformed [ln(x + 1)] to reduce the influence of dominant species (Clarke and Warwick, 1994). The similarity matrix was subjected to ordination analyses using the PRIMER (Plymouth Routines in Multivariate Ecological Research) package (Carr, 1996) and was visualized using non-metric multidimensional scaling (MDS). We used the SIM-PER procedure (similarity percentages; Clarke, 1993) to exam the contribution of species to dissimilarities between the groupings observed in the ordination analyses. Differences in the foraminiferal assemblages across years were tested for significance using ANOSIM (Clarke and Green, 1988) . The BIOENV method (Clarke and Ainsworth, 1993) was used to investigate the relationship between environmental variables (pre-and post-ENSO) and the foraminiferal assemblage data.
FI Index
The Foraminifera in Reef Assessment and Monitoring Index (FI), proposed by Hallock et al. (2003) , also was used to assess Bahian foraminiferal assemblages. This single-metric index is based on foraminiferal assemblages from surface sediments and can be used to address local impacts and to assist in differentiating between local impacts that affect water quality and impacts that result from regional-to global-change issues, and has been used worldwide (Barbosa et al., 2009; Narayan and Pandolfi, 2010; Uthicke et al., 2010; Koukousioura et al., 2011) . The FI involves summing of relative abundances into three functional groups: (i) symbiont-bearing taxa, (ii) stress-tolerant (opportunistic) taxa, and (iii) other small taxa. The FI is based on the assumption that environments suitable for proliferation of symbiont-bearing organisms have sediments in which at least 25-30% of the foraminiferal tests are produced by taxa that host algal symbionts (larger taxa). The FI interpretation of Hallock et al. (2003) as modified by Carnahan et al. (2009) is as follows: A sample that contains at least 25% larger foraminifers and no more than 75% of other small taxa has a FI ≥ 4, indicating that water quality is likely suitable for reef growth. FI varying between 3 and 5 can indicate environmental change; values of 2 < FI < 4 indicates environmental conditions marginal for reef growth that likely are unsuitable for recovery of coral communities after a mortality event. Environments where larger foraminiferal tests are scarce and stress-tolerant taxa are common (FI ≤ 2) are under stressed conditions and unsuitable for reef growth.
Results
The 1997-8 El Niño event had a significant influence on most of the measured environmental parameters (Fig. 1A-D) . Mean air and seawater temperatures and hours of sunlight increased significantly in 1998 compared with all other years, the latter due to lower cloud cover. Rainfall was significantly lower during El Niño conditions and this resulted in reduced freshwater and sediment outflow from the local rivers (the mean annual discharge of the São Francisco River was reduced from 32,980 to 1768 m 3 s −1 and that of Doce River from 80.5 to 50.2 m 3 s −1 ) and thus, significantly clearer water. Therefore, the environmental conditions during 1998 were anomalously warm, with reduced cloud cover, increased insolation and reduced turbidity, resulting in more solar radiation reaching the reefs. In contrast, 1999-2000, and to a lesser extent, 1995-6 represented relatively strong La Niña conditions, as indicated by high rainfall and cloud cover (Fig. 1B) .
The foraminiferal assemblage identified from the shallow-banks of Northern Bahia included 284 species and 88 genera, distributed in three functional groups: symbiont-bearing (16 spp.); stresstolerant (24 spp.) and other small forms (244 spp.). The most diverse genera were Quinqueloculina (46 spp.), Triloculina (24 spp.), Pyrgo (16 spp.), Articulina (13 spp.), Textularia (11 spp.) and Spiroculina (7 spp.). Among the symbiont-bearing forms the most diverse was Peneroplis (6 spp.), while within the stress-tolerant taxa, Elphidium (10 spp.) and Bolivina (6 spp.) were the most diverse. The mean densities of live foraminifers from the shallow, bank-reef sediments were highest in 1999-2000 followed by 1995-6, with the lowest densities in -98, 2007 . Diversity (species richness) followed similar trends. The densities of all three functional groups of the foraminiferal assemblage fluctuated dramatically between 1995 and 2001; subsequent fluctuations were much lower in amplitude (Fig. 2B-D) . Overall mean densities were relatively high in 1995-6, then dramatically decreased in 1997-8, rebounding in 1999-2000 to the highest densities observed during the 17-year study. Moreover, the 1999-2000 peak was driven primarily by high densities of smaller taxa, as the longer-lived, symbiont-bearing taxa recovered more slowly. After 2000, densities were about 20-30% of the densities recorded during 1995-6, with no significant variation recorded until 2007, when densities dropped by roughly half, followed by a recovery for three years, dropping again in 2011 to values similar to those seen in 2007.
Variations in species richness ( Fig. 2A-D) followed the same pattern as density, decreasing significantly, roughly 60%, between 1995-6 and 1997-8 No significant differences in mean densities were observed between reefs (2-way crossed ANOSIM, R = 0.06, p > 0.1). The MDS plot (Fig. 4 ) demonstrates significant changes in the assemblage structure during the study, clearly illustrating four separate groupings representing strong (1997, 1998) Niño (drought) years, intermediate or "normal" years , and the strong La Niña (high rainfall) years (1995, 1996, 1999, 2000) . The assemblages fluctuated most dramatically during the strong ENSO variability from 1995 through 2000, then subsequently remained more stable with lower intensity environmental variability from 2001 through 2011. Overall, significant changes (ANOSIM, R = 0.625; p = 0.001) were recorded in the assemblage structure over the 17-year study. The similarity percentages procedure (SIMPER) indicated that Planispirella exigua and Quinqueloculina bicostata were the two most commonly recorded species during years with higher densities, although each accounted for an average relative abundance of only 4.0%. Miliolinella subrotunda and Textularia gramen were most common in low-density years, accounting for an average of only 3.0% each; M. subrotunda was actually more abundant in higher density years, with an average relative abundance of 3.9%. Amphistegina gibbosa, Articulina atlantica, and Siphonina pulchra showed the greatest change between higher and lower density years, declining 2.05%, 1.76% and 1.74% respectively. Overall differences were due to declines in densities across large numbers of species rather than to large changes in a few species (Appendix A).
During the 1997-8 El Niño event, 27 species were not recorded at any of the studied reefs, returning in the following two years, then disappearing completely after 2000 (Appendix A). Additionally, another 19 species recorded during the 1997-8 El Niño, were not subsequently seen. Discorbis bertheloti, recorded during and after the first El Niño event, was not seen after 2003.
BIOENV analysis indicated that variation in turbidity (r = 0.41) was the environmental factor best explaining the foraminiferal assemblage differences on the assessed reefs overall. However, a combination of turbidity (r = 0.68), mean temperature (r = 0.71), and cloud cover (r = 0.64) best explained the changes in the assemblage in 1998.
Discussion
Foraminiferal populations and assemblages clearly respond to environmental changes (e.g. Hallock et al., 2006; Martinez-Colón et al., 2009 ; and references therein) and therefore are considered reliable indicators of environmental disturbances in both marine and estuarine environments (Schafer, 2000; Uthicke et al., 2010; many others) . We recorded a dramatic decrease in density and species richness of Foraminifera from the studied reefs during 1997-8, as well as considerable changes in assemblage composition between times with strong and weak ENSO variability. Multivariate analyses (Fig. 4) revealed that the benthic foraminiferal assemblage responded strongly to ENSO-driven environmental fluctuations, with 47 species representing 13 genera not recorded during severe 1997-8 El Niño event.
Our analyses, consistent with previous reports for other taxa (Kelmo and Attrill, 2001; Attrill et al., 2004; Kelmo et al., 2003 Kelmo et al., , 2004 Kelmo et al., , 2006 , revealed that the associated abiotic conditions that influenced the northern Bahia coral reef-associated organisms in 1998 were increased sea-surface temperature, increased solar radiation and reduced turbidity. We demonstrated that the 1997-8 event had a striking effect on the foraminiferal assemblages, including sharp declines in both symbiont-bearing taxa and the predominantly herbivorous and detritivorous species (Fig. 2) . Hallock (1987) , Hallock et al. (1993a, b) , Birkeland (1997) , and others have recognized that nutrient availability on a local scale is a major control of benthic community structure, especially in subtropical and tropical seas. Very limited nutrient input tends to favour calcifying symbioses, for example zooxanthellate corals and foraminifers that host algal symbionts. Somewhat higher nutrient flux supports domination of the benthos by macroalgae and heterotrophic benthos, because symbiosis is less advantageous (Hallock, 1985; Birkeland, 1997) . Even higher nutrient influx promotes phytoplankton blooms in the water column, limiting light penetration to the benthos and promoting the dominance of the non-symbiotic filter-feeding and the detritus-feeding animals.
Nutrient flux is strongly implicated as a major factor controlling the foraminiferal assemblages in the northern Bahian region. The notable abundance and diversity of smaller heterotrophic foraminifers, combined with the presence of a diverse but low density assemblage of symbiont-bearing species, indicates that overall environmental conditions are more optimal for the smaller heterotrophs than for symbiotic calcifiers, but still suitable for the latter. The decline of the smaller foraminifers during El Niño conditions was likely the consequence of reduced food supplies associated with reduced rainfall and runoff, as reflected in turbidity. Elevated temperatures also indirectly reduce food supplies by elevating metabolic rates.
However, from previous work on foraminifers and nutrients (e.g. Hallock et al., 2003; Uthicke et al., 2010) , one would anticipate that foraminiferal taxa that host algal symbionts should increase in abundance when environmental perturbations reduce turbidity and food supplies. Earlier research on the energetic benefits of algal symbiosis (e.g. Hallock, 1981 Hallock, , 1985 suggests that this mode of life should be highly advantageous when dissolved nutrients and particulate food resources are scarce. Similarly, physiological studies of zooxanthellate corals (Falkowski et al., 1993; Steven and Broadbent, 1997) have shown that fixed-nitrogen limitation is crucial to maintenance of the host-symbiont relationship in zooxanthellate corals.
The striking decline in the densities of foraminifers that host algal symbionts in 1997-8 (Fig. 2) is, however, consistent with the more than 95% decline observed in A. gibbosa populations on the Florida Reef tract following an unprecedented bleaching episode in summer of 1991. That event so damaged reproductive potential that populations required several years to recover to pre-bleaching densities (e.g. Hallock et al., 1995; Williams et al., 1997) . The decline in symbiont-bearing foraminifers on the northern Bahia reefs in 1997-8 was likely induced by photo-oxidative stress resulting from the combined effects of increased temperature and solar radiation. High irradiance alone can cause bleaching and mortality in Amphistegina spp. (Hallock et al., 1995 (Hallock et al., , 2006 . Additionally, exposure to elevated temperatures negatively impacts foraminifers health and impairs growth (Reymond et al., 2011; Uthicke et al., 2012) , and when combined with excess visible or UV radiation, causes bleaching (Talge and Hallock, 2003) .
Populations of small, heterotrophic foraminifers rebounded quickly from the 1997-8 El Niño event. However, after 2000, their densities declined and remained relatively low, with further declines during weaker El Niño conditions in 2007 and 2011, with significant losses of density and species richness in 2007, but not in 2011. In the context of the 17-year time series, the foraminiferal densities in 1995, 1996, 1999 and 2000 were unusually high, possibly related to rainfall peaks during relatively strong La Niña conditions. Moreover, since smaller foraminifers can quickly bloom in response to increased food supply, following El Niño-related mortality in corals, ascidians and other macrobenthos in 1998 (Kelmo and Attrill, 2001; Attrill et al., 2004; Kelmo et al., 2003 Kelmo et al., , 2004 Kelmo et al., , 2006 , there simply may have been less competition for food in 1999 and 2000, allowing the rapid increase in those taxa. This bloom is reflected in the corresponding low in the FI during those years (Fig. 3) , indicating that the larger, symbiont-bearing foraminiferal populations took somewhat longer to recover.
A note regarding the FI is needed here. This index was developed for assessing the "total" assemblage of foraminifers in the sediments, i.e. where all fresh-appearing specimens are identified and counted, without attempting to determine what was alive at the time of sampling. Sediments are not optimal habitat for foraminifers in reef environments. During calm weather, sediments can be stabilized for days to weeks during which time microalgae and microbes can produce mats into which some smaller taxa can recruit, grow and reproduce. Symbiont-bearing foraminifers tend to be larger in size and generally have life spans of several months to a year or more. Therefore their live occurrence in sediment samples reflects either accidental transport or recent development of propagules in microbial-mat stabilized sediment. Thus, the live (stained) foraminiferal assemblage in sediments, even in optimal reef environments, tend to be dominated by smaller, short-lived taxa. Moreover, the live assemblage seldom accounts for more than about 10-15% of the total assemblage (Martinez-Colón et al., 2009;  and references therein). The death assemblage in sediments, on the other hand, integrates environmental conditions because that is where the dead shells accumulate, predominantly coming from nearby hard and phytal substrata, which is much more dependable habitat for most of these protists. However, the death assemblage is taphonomically altered because smaller, more fragile shells tend to be broken up or transported away. "Total" assemblage data thus reflect two counteracting biases: the live assemblage is dominated by small, fast-growing forms; the dead assemblage is dominated by taxa from the immediate vicinity, with selective loss of the smallest and most fragile shells. The basic assumption of the FI as proposed by Hallock et al. (2003) is that, if environmental conditions support dominance by calcifying symbioses (i.e. zooxanthellate corals and foraminifers with algal symbionts), at least 25% of the "freshappearing" shells should be from symbiont-bearing foraminifers; such counts will yield FI ≥ 4.
A few studies, including this one, have calculated FIs based on live assemblages, with the predictable results that the values tend to be lower than FIs based on total assemblages. The most comprehensive assessment was carried out by Carilli and Walsh (2012) in Kiritimati Islands in the Pacific, in which the live FI averaged 4.6 and the dead FI averaged 9.1. Unfortunately, they did not report total assemblage or even relative abundances of live to dead shells, so we cannot reconstruct the average FI for the total assemblage, other than conclude it was somewhere between 4.6 and 9.1. Stephenson (2011) compared total assemblages in rubble and sediment samples collected from the same sites (i.e. rubble in sand patches) on a Florida reef. The rubble samples, in which approximately 85% of the specimens were live when collected, produced a mean FI of 3.6. The sediment samples, in which approximately 15% were alive when collected, produced an FI of 5.6. Stephenson also calculated a "concentration ratio" based on relative abundances of the most common species; shells of the symbiont-bearing taxa tended to be 2-3 times more common in sediments while shells of smaller taxa were 2-3 times more common in the rubble samples.
While additional comparisons are needed to refine interpretations of the FI when based upon live assemblages, clearly the threshold for concern of FI = 4 for healthy reefs, which was developed based on total assemblages, is too high for data based on live assemblages. Whether the threshold for concern when analyses are based on live assemblages should be ∼2.8-3 (i.e. 10-15% symbiontbearing), or slightly higher, requires further assessment. However, the drop in the FI to ∼2.5 that we observed following the 1997-8 stress event indicates the sensitivity of this reef-assessment metric.
Conclusion
The stress imposed by the strong 1997-8 El Niño-induced environmental conditions dramatically influenced the density and species richness the foraminiferal assemblage on shallow reefs of northern Bahia, including disappearance of several species. The environmental changes previously reported as detrimental to corals on these reefs (Kelmo et al., 2003) were also detrimental to the benthic foraminifers. We suggest that the combination of elevated temperature, reduced turbidity and therefore increased solar radiation reaching the reefs during the 1997-98 El Niño caused declines in the symbiont-bearing taxa. At the same time, the reduction in food resources reaching the seafloor associated with reduced nutrient runoff from land, that reduced phytoplankton in the water column as indicated by reduced turbidity, resulted in decline of the heterotrophic taxa dependent upon grazing and deposit feeding. In contrast, during strong La Nina-related conditions (1995-6 and 1999-2000) of increased rainfall and therefore increased runoff of terrestrial nutrients, densities and diversities of smaller foraminferal taxa peaked. Considering that ENSO-related environmental fluctuations are becoming stronger and more frequent (Timmerman et al., 1999) , the consequences for the benthic reef foraminifers, as well as reef macrofauna, are inevitable. Thus, multi-year assessments of reef taxa, in addition to corals, are essential to expanding our knowledge of the longer-term consequences of this global event in the face of global environmental changes.
Acknowledgements
Thanks to FK students Luana Oliveira and Caio Damasceno for their help and assistance. Gratitude is expanded to Simone Moraes and Rilza Gomes for encouragement of this research for a number of years.
Appendix A.
See Table A1   Table A1 Similarity percentages analysis (SIMPER): species of foraminifera contributing most to the dissimilarity between ENSO years and non-ENSO years.
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